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Description

BACKGROUND OF THE INVENTION

[0001] The invention relates to an optical storage ap-
paratus for optically recording and reproducing informa-
tion to an exchangeable medium such as an MO car-
tridge or the like and, more particularly, to an optical stor-
age apparatus for electrically substituting a lens position
sensor eliminated for the purpose of realization of a thin
apparatus.
[0002] The invention especially refers to an optical
storage apparatus according to the upper clause of
claim 1. Such an apparatus is known from the US
5,396,477. In this apparatus a non-mechanical arrange-
ment is used as micro moving mechanism. Another op-
tical storage apparatus is known from the EP-A-
0478314.
[0003] Attention is paid to an optical disk as a storage
medium which is a nucleus of multimedia that has rap-
idly been developed in recent years. For example, when
seeing an MO cartridge of 3.5 inches, MO cartridges of
128 MB, 230 MB, and the like are provided. An optical
disk drive using such an MO cartridge is provided as an
external storage apparatus of a personal computer of a
desk top type. Further, the use in a personal computer
of a notebook type which has rapidly been spread in re-
cent years and has an excellent portability is also strong-
ly demanded. Therefore, in order to equip the optical
disk drive as a standard external storage apparatus, it
is necessary to realize a miniaturization and a thin struc-
ture. For example, a height of HDD or FDD which has
at present been installed in the personal computer of the
desk top type is equal to about 17 mm and it is also nec-
essary to set the optical disk drive to a similar thickness.
[0004] In the optical disk drive, a pickup mechanism
of a linear driving type is provided in such a direction as
to transverse tracks on the medium. The pickup mech-
anism is constructed by a fixed optical unit and a mov-
able optical unit mounted on a carriage that is linearly
driven by a VCM. A lens actuator is provided for the mov-
able optical unit. The lens actuator has a relatively com-
plicated mechanism which requires a two-dimensional
degree of freedom such that an objective lens is moved
in the direction which transverses the tracks by a current
supply to a tracking coil and the objective lens is moved
in the vertical direction by a current supply to a focusing
coil. Further, the lens actuator can move the objective
lens by only a micro distance to the inner side or the
outer side by the current supply to the tracking coil
around the position, as a center, where the center of the
objective lens is made coincide with an optical axis of a
light beam from the fixed optical unit. A lens position
sensor is ordinarily installed in order to detect a devia-
tion amount of the optical axis of the lens from the neu-
tral position of the lens. Therefore, in order to make the
optical disk drive thin, it is necessary to simplify a struc-
ture of a pickup and to reduce a space in the height di-

rection. If the lens position sensor provided for the lens
actuator can be eliminated, the optical disk drive can be
further made thin. For this purpose, the inventors et al.
of the present invention have proposed an optical stor-
age apparatus (Japanese Patent Application No.
7-201229) in which by paying attention to a phenome-
non such that when a lens actuator is moved to the inner
side or outer side from the neutral position, an offset ap-
pears in a tracking error signal which is detected from a
return light from a medium, a lens position signal can be
electrically detected even if the lens position sensor is
not provided.
[0005] Ordinarily, as for the lens position signal, when
the objective lens is moved from the neutral position dur-
ing the seek of a carriage by the driving of the VCM, a
deviation of the optical axis occurs. To prevent it, simul-
taneously with a speed control of the VCM, it is neces-
sary to execute a lens lock control to control the position
of the lens actuator so as to keep the optical axial devi-
ation of the objective lens to zero, specifically speaking,
so as to always set the lens position signal to zero. Such
a control is generally called a double servo control be-
cause the carriage and the lens actuator are simultane-
ously controlled. According to a method of detecting the
lens position signal from a tracking error signal, by elim-
inating high frequency components by transmitting the
tracking error signal derived during the seek through a
low pass filter, a pseudo lens position signal having a
level according to the optical axial deviation of the lens
and a polarity according to the deviation direction is ob-
tained. Therefore, the lens lock control to prevent the
optical axial deviation during the seek can be performed
even if the lens position sensor is not provided.
[0006] The seek control to move the light beam to a
target track is divided into a long seek in which the
number of tracks to the target track exceeds, for exam-
ple, 50 tracks and a short seek in which the number of
tracks is less than 50 tracks. In the long seek, the car-
riage is first sought at a high speed by the speed control
of the VCM, and when the number of remaining tracks
is equal to 50, a control mode is switched to a low speed
seek by the speed control of the lens actuator, thereby
moving the light beam to the target track. When the light
beam reaches the target track, the control mode is
switched to the position control and the light beam is
pulled in the track center. After completion of a settle-
ment, a reading or writing operation is started. The
speed control of the VCM and lens actuator during the
seek is a control for tracing a target speed that is set in
accordance with the number of tracks to the target track
and has a speed profile of an acceleration, a constant
speed, and a deceleration. On the other hand, in case
of the short seek in which the number of tracks to the
target track is less than 50, the low speed seek by the
speed control of the lens actuator is executed from the
beginning. When the light beam reaches the target
track, it is pulled in.
[0007] However, there are the following problems
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when the lens position signal is falsely obtained by
transmitting the tracking error signal through a low pass
filter without providing the lens position sensor. First,
during the seek, the lens lock control to always keep the
optical axial deviation of the objective lens to zero is
needed. When the objective lens causes the optical ax-
ial deviation during the seek, an offset occurs in the
tracking error signal detected from the return light from
the medium. There are inconveniences such that a zero-
cross point to count the number of times of the passing
of the tracks cannot be accurately detected, and when
the light beam is pulled in the target track, an error oc-
curs in the beam position by the offset and it takes a
time to pull in. Therefore, with respect to any one of the
high speed seek by the driving of the VCM and the low
speed seek by the driving of the lens actuator, the lens
lock control is necessary. However, when detecting the
lens position signal by allowing the tracking error signal
to pass through the low pass filter, at the times of the
acceleration and deceleration of the light beam, since a
frequency of the tracking error signal fluctuates, there is
a problem such that a stable lens position signal cannot
be derived from the low pass filter. Therefore, the pseu-
do lens position signal that is derived from the low pass
filter is valid only in a constant speed period of time dur-
ing which the frequency of the tracking error signal is
constant. Therefore, in the acceleration and decelera-
tion periods of time, by smoothly accelerating and de-
celerating the VCM, a motion of the lens actuator is min-
imized or by applying the same acceleration and decel-
eration by supplying an acceleration current or deceler-
ation current to the lens actuator in correspondence to
the acceleration and deceleration of the VCM, the oc-
currence of the optical axial deviation of the lens is pre-
vented. However, the acceleration current and deceler-
ation current which are used in the lens locking opera-
tions upon acceleration and deceleration relate to the
control by the fixed current values determined on the
basis of design values of the carriage and lens actuator.
In the actual apparatus, therefore, an external force
such as friction, vibration, or the like which cannot be
predicted exists and the same acceleration and decel-
eration as those of the carriage by the VCM cannot be
applied to the lens actuator and the optical axial devia-
tion of the lens is likely to occur.
[0008] At the time of the low speed seek in which the
lens actuator is driven, the lens position signal is not de-
rived from the low pass filter which detects the lens po-
sition signal from the tracking error signal in the high
speed seeking mode. At the time of the high speed seek
by the driving of the carriage by the VCM, the frequency
of the tracking error signal is equal to tens of kHz or high-
er. On the other hand, at the time of the low speed seek
by the driving of the lens actuator, the frequency of the
tracking error signal is so low to be 10 kHz or lower and
the tracking error signal in the low speed seeking mode
passes as it is through the low pass filter, so that the
lens position signal cannot be detected. Therefore, in

the low speed seeking mode, the currents according to
the acceleration and deceleration of the lens actuator
are supplied to the VCM irrespective of the lens position
signal and the same acceleration and deceleration as
those of the lens actuator are applied to the carriage,
thereby preventing the optical axial deviation of the lens.
However, the lens lock control when no lens position sig-
nal is derived is a control by the fixed current values de-
termined on the basis of the design values of the car-
riage and the lens actuator. When an external force such
as friction, vibration, or the like which cannot be predict-
ed is received, the optical axial deviation of the lens is
likely to occur.
[0009] With respect to the high speed seek as well,
since the control mode has been switched to the low
speed seek at a position before the target track, even if
the acceleration and deceleration are executed by the
fixed current values determined on the basis of the de-
sign values of the carriage and the lens actuator, when
an external force such as friction, vibration, or the like
which cannot be predicted is applied, the same accel-
eration and deceleration as those of the lens actuator
cannot be applied to the carriage. Thus, an offset of the
tracking error signal occurs due to the optical axial de-
viation of the lens. The number of times of the passing
of the tracks is erroneously counted. It takes a time to
pull in the light beam to the target track.
The object of the present invention is to find alternative
means for fine actuating movement of the beam across
the track.
[0010] This object is solved by the features of claim 1.

SUMMARY OF THE INVENTION

[0011] According to the invention, there is provided
an optical storage apparatus in which even during the
low speed seek when a light beam approaches a target
track as well as during the high speed seek, a lens po-
sition signal is derived from a tracking error signal and
a lens lock control to set an optical axial deviation to
zero can be properly executed.
Therefore, a lens position signal is falsely obtained from
the tracking error signal even during the low speed seek.
The carriage actuator moves while tracing the motion of
the lens actuator on the basis of the lens position signal
so as to set the optical axial deviation of the lens to zero.
Therefore, even if a friction, an external vibration, or the
like which cannot be predicted by a fixed inertia com-
pensation of the carriage actuator is applied during the
low speed seek, the lens lock control to maintain the op-
tical axial deviation of the objective lens to zero can be
properly executed. Since the tracking error signal has
no offset, the number of times of the passing of the
tracks due to the detection of the zero-cross point can
be accurately counted. The pull-in to the target track can
be stabilized. The total accessing performance can be
improved.
[0012] The low speed lens lock control unit compris-
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es: a peak value detecting unit for detecting a positive
peak value and a negative peak value of each cycle of
the tracking error signal; and an offset calculating unit
for calculating the value of 1/2 of a difference between
the positive and negative peak values as an offset
amount, thereby detecting a pseudo lens position de-
tection signal. It is suitable for a digital process of the
tracking error signal. Even at a low frequency of the
tracking error signal in which it is difficult to construct a
filter, the lens position signal can be accurately formed.
It is also suitable in case of realizing a servo system of
the seek control by a DSP or the like. As a high speed
lens lock control unit, there is used a low pass filter for
removing high frequency components by a cut-off fre-
quency corresponding to the frequency of the tracking
error signal in the high speed seeking mode and detect-
ing an offset amount corresponding to a change in en-
velope of the tracking error signal as a lens position sig-
nal. The tracking error signal in the high speed seek has
a frequency of 10 kHz or lower. Low frequency compo-
nents can be relatively easily removed by the low pass
filter. Any one of an analog active filter and a digital filter
can be used as a low pass filter.
[0013] As another form of the low speed and high
speed lens lock control units, it is also possible to pro-
vide: a low pass filter for removing high frequency com-
ponents of a tracking error signal and detecting an offset
amount which traces a change in envelope as a lens
position signal; and a filter characteristics switching unit
for switching a cut-off frequency of the low pass filter to
a low band side in the low speed seeking mode and to
a high band side in the high speed seeking mode. In this
case, since it is sufficient to use one low pass filter and
to merely switch a cut-off frequency of such a low pass
filter, a circuit construction can be simplified.
[0014] As further another form of the low speed and
high speed lens lock control units, there are provided: a
low pass filter for a high speed for removing high fre-
quency components by a cut-off frequency on the high
band side corresponding to a frequency of a tracking
error signal in a high speed seeking mode and output-
ting a resultant signal as a lens position signal; and a
low pass filter for a low speed, serially connected to the
low pass filter for a high speed, for removing high fre-
quency components by a cut-off frequency on the low
band side corresponding to a frequency of the tracking
error signal in a low speed seeking mode and outputting
a resultant signal as a lens position signal.
[0015] When the number of tracks to a target track is
less than a predetermined value, the light beam is
moved at a low speed by the low speed seek control
unit. When the number of tracks to the target track ex-
ceeds the predetermined value, the light beam is moved
at a high speed by the high speed seek control unit.
When the number of tracks to the target track reaches
another predetermined value during the high speed
movement, a control mode is switched to a low speed
movement of the light beam by the low speed seek con-

trol unit. The low speed seek control unit controls a
speed of the lens actuator so as to trace a target speed
which was set in accordance with the number of tracks
to the target track and applies an acceleration or decel-
eration for an inertia compensation corresponding to the
acceleration or deceleration of the lens actuator to the
carriage actuator with respect to each of an acceleration
period of time and a deceleration period of time of the
speed control. For example, the low speed seek control
unit supplies an inertia compensation current Iv in which
an inertia compensation coefficient α1 is multiplied to
an acceleration or deceleration current Ia of the lens ac-
tuator to the carriage actuator. Now, assuming that an
acceleration gain of the lens actuator is set to Ka, an
acceleration gain of the tracking actuator is set to Kv, a
mass of the lens actuator is set to Ma, and a mass of
the carriage actuator is set to Mv, the inertia compensa-
tion coefficient α1 is defined as

[0016] The high speed seek control unit controls the
speed of the carriage actuator so as to trace the target
speed which was set in accordance with the number of
tracks to the target track and applies an acceleration or
deceleration for an inertia compensation corresponding
to the acceleration or deceleration of the carriage actu-
ator to the lens actuator with respect to each of the ac-
celeration period of time and deceleration period of time
of the speed control. For example, the high speed seek
control unit supplies an inertia compensation current Ia
in which an inertia compensation coefficient α2 is multi-
plied to the acceleration or deceleration current Iv of the
carriage actuator to the lens actuator.
[0017] The above and other objects, features, and ad-
vantages of the present invention will become more ap-
parent from the following detailed description with refer-
ence to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is an explanatory diagram of an external view
of an apparatus according to the invention;
Fig. 2 is an assembly exploded diagram of the ap-
paratus of Fig. 1;
Fig. 3 is an assembly exploded diagram when com-
ponent elements from a drive casing to a lower cov-
er in Fig. 2 are seen from a bottom surface;
Fig. 4 is a plan view of an assembling state of Fig. 2;
Fig. 5 is a bottom view of the assembling state of
Fig. 2;
Fig. 6 is an explanatory diagram of a structure of a
lens actuator which is used in the invention;
Figs. 7A and 7B are circuit block diagrams of the
invention;

α1 = (Kv/Ka)·{Ma/(Ma + Mv)}
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Fig. 8 is a functional block diagram of a seek control
unit of the invention;
Fig. 9 is a block diagram of the first embodiment of
the seek control unit in Fig. 8;
Figs. 10A and 10B are signal waveform diagrams
of a tracking error signal and a pseudo lens position
signal when an objective lens is deviated from an
optical axis of a beam at a low speed;
Figs. 11A and 11B are signal waveform diagrams of
a tracking error signal and a pseudo lens position
signal when the objective lens is deviated from the
optical axis of the beam at a high speed;
Fig. 12 is an explanatory diagram of an inertia com-
pensation of a carriage by a VCM in a low speed
seeking mode by the driving of the lens actuator;
Fig. 13 is an explanatory diagram of an inertia com-
pensation of the lens actuator in a high speed seek-
ing mode by the driving of a carriage by the VCM;
Fig. 14 is a flowchart for a seek control in Fig. 9;
Figs. 15A and 15B are detailed flowcharts for an in-
ertia compensation control and a lens lock control
of the VCM in the low speed seeking mode in Fig.
14;
Figs. 16A to 16F are time charts for a beam speed,
a tracking error signal, a lens actuator current, a
VCM current, a seeking mode, and a lens locking
mode at the time of a low speed seek control;
Figs. 17A to 17E are time charts for a beam speed,
a tracking error signal, a lens actuator current, a
VCM current, and a control mode at the time of a
high speed seek control;
Fig. 18 is a block diagram of the second embodi-
ment of the seek control unit in Fig. 8;
Fig. 19 is a circuit diagram of a filter characteristics
switching unit and a low pass filter in Fig. 18;
Fig. 20 is an explanatory diagram of characteristics
of the low pass filter in a low speed seeking mode
and a high speed seeking mode in Fig. 19; and
Fig. 21 is a block diagram of the third embodiment
of the seek control unit in Fig. 8.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[Structure of apparatus]

[0019] Fig. 1 is an explanatory diagram of an external
view of an optical storage apparatus, namely, an optical
disk drive of the invention. A front vessel 152 whose me-
dium inserting slot is opened is provided in a front por-
tion of a drive main body 150. A door 154 is attached to
the medium inserting slot of the front vessel 152 so as
to be rotatable around upper portions on both sides of
the door as axes and is urged in a closing direction by
a built-in spring. Therefore, the door is opened and
closed in association with an insertion and an ejection
of an MO cartridge medium. An ejection button 158 and
an operation display LED 160 are provided around the

front vessel 152. A height of front vessel 152 is equal to
about 17 mm and a height of drive main body 150 is
slightly lower than the front vessel.
[0020] Fig. 2 is an assembly exploded diagram of the
drive main body 150 in Fig. 1. The drive main body 150
is constructed by a printed circuit board 176, a cartridge
holder 178, a drive base 180, a lens carriage 184, a slide
plate 194, a spindle unit 196, and a cover 202 from the
upper side. Among them, with respect to the component
elements from the drive base 180 to the lower cover 202,
further, an assembly exploded diagram in a state in
which they are seen from the back side is shown in Fig.
3. A control circuit necessary for a control of the drive
main body 150 is installed on the printed circuit board
176. The cartridge holder 178 forms a medium enclos-
ing space between the cartridge holder and the drive
base 180 locating in the lower position and positions the
MO cartridge medium inserted from the front side. An
electromagnet 44 is attached. The lens carriage 184,
slide plate 194, and spindle unit 196 are attached to the
drive base 180. The lens carriage 184 constructs a mov-
able optical system. An objective lens 186 is installed
on the lens carriage 184. A laser beam from the fixed
optical unit 208 provided on the bottom portion side of
the drive base 180 in Fig. 3 enters the objective lens
186. A beam spot is irradiated to the medium locating
at the upper position. A return light is returned to the
fixed optical unit 208. Coil portions 190-1 and 190-2 of
the VCM are arranged on both sides of the lens carriage
184. The coil portions 190-1 and 190-2 are arranged
through gaps to magnetic yoke portions 192-1 and
192-2 which are fixedly arranged. Therefore, by supply-
ing currents to the coil portions 190-1 and 190-2, a linear
motor is formed between the magnetic yoke portions
192-1 and 192-2. The lens carriage 184 can be made
operative in the direction which transverses the tracks
on the medium. A lens actuator to move the objective
lens 186 in the direction which transverses the tracks
on the medium and a focusing actuator to move the ob-
jective lens 186 in the optical axial direction and execute
a focusing control are installed on the lens carriage 184.
In association with the insertion of the MO cartridge me-
dium, the slide plate 194 attaches a medium hub to a
turntable 198 locating under the spindle unit 196. When
the MO cartridge medium is ejected, the slide plate 194
is integratedly moved in the depth direction for the drive
base 180 in Fig. 2 by the driving of an ejection motor
unit 204 in Fig. 3, the turntable 198 is lifted down and is
unlocked from the medium, and the MO cartridge medi-
um is ejected by a spring provided for the cartridge hold-
er 178. In the spindle unit 196, the turntable 198 is at-
tached onto a plate 200 and a spindle motor is assem-
bled in the turntable 198. In the spindle unit 196, by as-
sembling the plate 200 to the lower side of the drive base
180, the turntable 198 is located at an opening 182.
[0021] Fig. 4 is a plan view of a state in which the print-
ed circuit board 176 and cartridge holder 178 in Fig. 2
are removed from the drive main body in Fig. 1. A spin-
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dle shaft 205 is provided at the center of the turntable
198 in the spindle unit. The hub of the medium of the
MO cartridge inserted from the medium inserting slot
serving as a lower side is coupled to the spindle shaft
205. In association with the insertion of the medium,
when the medium hub is located at the spindle shaft 205,
it is attracted by a magnet chucking, thereby coupling
the hub to the spindle shaft 205. The objective lens 186
is provided for the lens carriage 184 so as to face up-
ward. The lens carriage 184 is moved in the vertical di-
rection for the magnetic yoke portions 192-1 and 192-2
by a current supply to the coil portions 190-1 and 190-2
arranged on both sides, namely, in the direction which
transverses the tracks on the medium attached to the
spindle shaft 205. An FPC (flexible printed circuit) 212
is arranged on the medium inserting side serving as a
front side of the turntable 198, thereby electrically con-
necting with a spindle motor built in the turntable 198.
The FPC 212 continues to an FPC 210 taken out to the
side surface side, thereby connecting with the printed
circuit board side. A write enable sensor 214, a write
protection sensor 216, and a cartridge insertion sensor
218 are provided for the FPC 212 arranged on the en-
trance side. Pin switches or the like are used for those
three sensors 214, 216, and 218. The write enable sen-
sor 214 detects a write enable position of an switching
knob between a write enable and a write protection pro-
vided for the MO cartridge medium. The write protection
sensor 216 detects a write protecting position of a
switching knob between the write enable and the write
protection of the medium. The cartridge insertion sensor
218 detects the insertion of the MO cartridge medium
for the driver 54, thereby allowing the drive to be acti-
vated. Specifically speaking, the turntable 198 is rotated
by the spindle motor, thereby starting the operation of
the controller.
[0022] Fig. 5 shows a back side of the drive main body
150 in Fig. 1 in a state in which the cover 202 in Fig. 3
is removed. In Fig. 6, the slide plate 194 is attached to
pins 222 and 224 fixed on the drive base 180 side so as
to be slidable in the medium inserting direction by guide
grooves 230 and 232. Further, the slide plate 194 is
urged to the medium inserting side by coil springs 226
and 228. Therefore, when the MO cartridge is inserted
from the medium inserting slot side serving as a lower
side in the diagram, the slide plate 194 is integratedly
moved and is locked at positions where the lower sides
of the guide grooves 230 and 232 are come into contact
with the pins 222 and 224. In this state, the medium hub
is attached to the turntable. The fixed optical unit 208 is
provided to the upper side in the diagram which faces
the lens carriage 184. A detector for recording and re-
production by a laser diode, a detector for a tracking
control and a focusing control, and further, their optical
system are assembled into the fixed optical unit 208.
[0023] Fig. 6 shows a lens actuator 60 mounted on
the lens carriage 184 in Fig. 2. According to the lens
actuator 60, four wires 304-1 to 304-4 (304-4 is not

shown) are supported in a cantilever state to the side
surface of a holding unit 302 attached to a fixed base
300 and a movable base 306 is supported at four points
to edges of the wires 304-1 to 304-4. Therefore, the
movable base 306 has a three-dimensional degree of
freedom for the holding unit 302 serving as a fixed side
by a bending work of the four wires 304-1 to 304-4. The
objective lens 186 is mounted on the movable base 306.
A light beam having a beam optical axis 305 from the
fixed optical unit which was reflected by the lower por-
tion is converged by the objective lens 186, thereby
forming an image onto the medium surface locating
above the objective lens. The objective lens 186 also
returns the return light from the medium to the fixed op-
tical unit by the same optical path. A tracking coil 308
and a focusing coil 310 are mounted onto the movable
base 306. The tracking coil 308 is located so as to wind
around the horizontal portion on the lower side of a yoke
312 provided for the fixed base 300. By supplying a cur-
rent to the coil, the tracking coil 308 moves the objective
lens 186 through the movable base 306 in the outer di-
rection shown by an arrow 314 or the inner direction
shown by an arrow 316. The focusing coil 310 is located
so as to wind around the vertical portion of the yoke 312.
By supplying a current to the coil, the focusing coil 310
vertically moves the objective lens 186 through the mov-
able base 306. A lens position sensor to detect a posi-
tional deviation of a lens optical axis of the objective lens
186 for the beam optical axis 305 from the fixed optical
system is not provided for the lens actuator 60 in order
to make the apparatus thin. A lens positional deviation
of the objective lens 186 is falsely formed on the basis
of a tracking error signal which is derived from the pho-
tosensitive output of the return light from the medium. A
lens position signal (LPOS) falsely formed from the
tracking error signal is used for a lens lock control to
drive the lens actuator 60 so as to keep the lens posi-
tional deviation for the beam optical axis to zero in the
high speed seeking mode in which the carriage move-
ment by the VCM is mainly performed. The lens position
signal is also used for a lens lock control to drive the
carriage by the VCM so as to keep the positional devi-
ation of the optical axis of the objective lens to zero in
the low speed seeking mode in which the lens actuator
60 is mainly used.

[Circuit construction]

[0024] Figs. 7A and 7B are circuit block diagrams on
the side of a controller and an enclosure which are pro-
vided for the drive main body 150 in Fig. 1. The optical
disk drive of the invention is constructed by a controller
10 and an enclosure 12. The controller 10 has: an MPU
14 to control the whole optical disk drive; an interface
controller 16 for transmitting and receiving commands
and data to/from an upper apparatus; a formatter 18 for
executing processes necessary to write and read data
to/from the medium; and a buffer memory 20. In the em-
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bodiment, the buffer memory 20 is commonly used by
the MPU 14, interface controller 16, and formatter 18.
An encoder 22 and a laser diode control circuit 24 are
provided as a writing system for the formatter 18. A con-
trol output of the laser diode control circuit 24 is supplied
to a laser diode unit 30 provided for the optical unit on
the enclosure 12 side. The laser diode unit 30 integrat-
edly has a laser diode and a photosensitive device for
monitoring. In the embodiment, as an MO cartridge me-
dium for performing the recording and reproduction by
using the laser diode unit 30, either one of the medium
of 128 MB and the medium of 230 MB can be used. A
pit position recording (PPM recording) is used as a re-
cording method in this case. A recording format of the
medium is based on the ZCAV (zone constant acceler-
ation system). The medium of 128 MB has one zone.
The medium of 230 MB has ten zones. A decoder 26
and a reading LSI circuit 28 are provided as a reading
system for the formatter 18. The photosensitive signal
of the return light of the beam from the laser diode unit
30 by a detector 32 provided for the enclosure 12 is sup-
plied to the reading LSI circuit 28 as an ID signal and an
MO signal through a head amplifier 34. Circuit functions
of an AGC circuit, a filter, a sector mark detecting circuit,
a synthesizer, a PLL, and the like are provided for the
reading LSI circuit 28. A read clock and read data are
formed on the basis of the ID signal and MO signal in-
putted and are outputted to the decoder 26. Since the
zone CAV is used as a recording method of the medium
by a spindle motor 40, as for the reading LSI circuit 28,
a switching control of a clock frequency corresponding
to the zone is executed for a built-in synthesizer by the
MPU 14. A detection signal of a temperature sensor 36
provided on the enclosure 12 side is supplied to the
MPU 14. On the basis of a temperature in the apparatus
detected by the temperature sensor 36, the MPU 14
controls a light emitting power for each of the reading,
writing, and erasing operations in the laser diode control
circuit 24 to an optimum value. The MPU 14 controls the
spindle motor 40 provided for the enclosure 12 by a driv-
er 38. Since the zone CAV is used as a recording format
of the MO cartridge medium, the spindle motor 40 is ro-
tated at a constant speed of, for example, 2700 rpm.
The MPU 14 also controls the electromagnet 44 provid-
ed on the enclosure 12 side through a driver 42. The
electromagnet 44 is arranged on the side opposite to
the beam irradiating side of the MO cartridge medium
loaded and applies an external magnetic field to the me-
dium upon recording and erasing. A DSP 15 constructs
a servo system of a tracking control and a focusing con-
trol of the objective lens mounted on the lens carriage.
For this purpose, a 2-split detector 46 for receiving the
beam return light from the medium is provided for the
optical unit on the enclosure 12 side. An FES detecting
circuit (focusing error signal detecting circuit) 48 forms
a focusing error signal from the photosensitive output of
the 2-split detector 46 and supplies to the DSP 15. A
TES detecting circuit (tracking error signal detecting cir-

cuit) 50 forms a tracking error signal E1 from the photo-
sensitive output of the 2-split detector 46 and supplies
to the DSP 15. Further, the tracking error signal E1 is
supplied to a zero-cross point detecting circuit (TZC cir-
cuit) 55. A track zero-cross pulse signal E2 obtained by
detecting a zero-cross point of the tracking error signal
E1 is supplied to the DSP 15. The DSP 15 executes var-
ious arithmetic operations for a focusing servo and a
tracking servo and supplies results of the arithmetic op-
erations to the MPU 14. On the basis of the arithmetic
operation results of the DSP 15, the MPU 14 drives a
focusing actuator 56 through the driver 54, drives the
lens actuator 60 through a driver 58, and further drives
a VCM 64 of the lens carriage through a driver 62. Fur-
ther, the MPU 14 can also drive an ejection motor 52 in
accordance with an ejection switch.
[0025] In the optical disk drive in Figs. 7A and 7B, the
lens position sensor to detect the position of the lens
actuator on the lens carriage, a position sensing device
(PSD) to detect a moving position of the lens carriage,
and the like are not used on the enclosure 12 side. As
a tracking servo which is realized by the DSP 15, there
are a speed servo system for a seek control and a po-
sition servo system for an on-track control. The speed
servo system for the seek control is divided into a long
seek when the number of movement tracks to the target
track is large and a short seek when the number of
movement tracks to the target track is small. The short
seek relates to the low speed seek control in which the
driving of the lens actuator 60 is mainly performed. In
this instance, a lens lock control to drive the VCM 64 is
executed for a lens lock to keep an optical axial deviation
of the objective lens to zero. In the long seek, first, the
high speed seek control in which the driving of the VCM
64 is mainly executed is performed and, when the
number of remaining tracks to the target track reaches
a predetermined value, the control mode is switched to
the low speed seek control in which the driving of the
lens actuator 60 is mainly performed. In the high speed
seek control in which the driving of the VCM 64 is mainly
performed, a lens lock control to drive the lens actuator
60 is executed for a lens lock to keep the optical axial
deviation of the objective lens to zero. Each of the low
speed seek control in the short seek in which the driving
of the lens actuator 60 is mainly performed and the high
speed seek control in the long seek in which the driving
of the VCM 64 is mainly performed is a speed control to
control so that an actual measured speed traces a target
speed according to the number of remaining tracks to
the target track. The speed control has a speed profile
of an acceleration period, a constant speed period, and
a deceleration period. Among them, with respect to
waveforms of an acceleration current upon acceleration
and a deceleration current upon deceleration, since the
lens lock control cannot be applied due to a cause such
that the pseudo lens position signal cannot correctly be
obtained at this stage, the acceleration current and the
deceleration current are smoothly changed, thereby
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suppressing a large fluctuation of the lens position by
sudden acceleration and deceleration. At the same
time, a current for an inertia compensation according to
the acceleration on the driving side serving as a main
driving is supplied to an auxiliary driving side, thereby
suppressing the fluctuation of the lens position due to
the acceleration or deceleration. Thus, even at the time
of the acceleration or deceleration when the pseudo
lens position signal cannot be derived, the lens lock
state can be guaranteed. Namely, in the optical disk
drive having no lens position sensor, for example, in the
high speed seeking mode in which the VCM 64 is mainly
performed, an acceleration similar to that of the carriage
is applied to the lens actuator 60, thereby preventing the
occurrence of a relative deviation of the lens actuator
60 in association with the movement of the carriage. The
carriage is slowly moved so as not to cause a shake in
the lens actuator 60 when the carriage is activated by
the VCM 64. By this method, the lens lock state to al-
ways keep the optical axial deviation of the objective
lens of the lens actuator to zero in the high speed seek
control by the driving of the VCM 64 can be maintained.
Specifically speaking, the DSP 15 controls the VCM 64
by an acceleration activation control system such as to
minimize a structural vibration in a manner such that a
steep acceleration and deceleration pulse is not applied
to the VCM 64 as possible when the lens carriage is
moved by the VCM 64. A target activation of the accel-
eration activation control in this case is set on the as-
sumption of an ideal model and each polynomial of the
acceleration, speed, and movement distance showing
a target driving profile is formed. For example, it is suf-
ficient that a target acceleration and a target speed are
calculated on the basis of the position of the carriage
and the movement distance in the seeking operation of
the carriage at the time of the -seeking operation of the
carriage and a seek current for acceleration which gen-
tly changes is supplied to the VCM 64 on the basis of
the calculation results. A target activation of the control
to reduce the acceleration is also similarly determined.
Further, as for the low speed seek control in which the
lens actuator 60 is mainly used as well, the acceleration
activation control and the control to reduce the acceler-
ation according to the profile of the target activation de-
termined on the assumption of a similar ideal model are
executed. A circuit function to form the pseudo lens po-
sition signal which is used for the lens lock control during
the seek on the basis of the tracking error signal E1 is
provided for the DSP 15. The detection of the pseudo
lens position signal is fundamentally obtained by detect-
ing an offset of the tracking error signal when the optical
axis of the objective lens is deviated from the beam op-
tical axis. However, a frequency which is determined by
a track passing speed of the beam of the tracking error
signal E1 in the high speed seeking mode and that in
the low speed seeking mode are largely different. Ac-
cording to a single detecting function, the pseudo lens
position signal can be detected only in one of those cas-

es. According to the invention, therefore, the switching
of a detecting algorithm or the switching of the detecting
functions of the low speed seek and the high speed seek
is realized so that both of the high speed seek and the
low speed seek can be satisfied.

[Seek control]

[0026] Fig. 8 is a functional block diagram of the seek
control according to the invention which is realized by
the controller 10 provided for the optical disk drive in
Figs. 7A and 7B. The seek control of the invention is
realized by using the servo systems for the lens actuator
60 and carriage actuator 64 provided for the DSP 15
under the controls of a low speed seek control unit 10-1
and a high speed seek control unit 10-2 provided for the
MPU 14. When the number of tracks to the target track
which is designated by a seek command from an upper
apparatus is less than a predetermined value, for exam-
ple, 50 tracks, the low speed seek control unit 10-1 of
the MPU 14 is activated and executes the low speed
seek control. On the other hand, when the number of
tracks to the target track designated by the seek com-
mand is equal to or larger than, for example, 50 tracks,
the high speed seek control unit 10-2 is activated and
executes the high speed seek control. The number of
tracks to the target track which is used when switching
between the low speed seek control unit 10-1 and high
speed seek control unit 10-2 is arbitrarily determined.
Specifically speaking, it is sufficient to decide the
number of tracks corresponding to the maximum move-
ment amount of the beam on the medium surface when
the optical axis of the objective lens 186 is moved by the
lens actuator 60 in Fig. 6 to the inner side or outer side
from the neutral position which coincides with the beam
optical axis 305 of the fixed optical system. The beam
movement amount on the medium surface by the move-
ment of the objective lens 186 is equal to, for example,
about 100 µm. Now, assuming that a track pitch is equal
to about 2 µm, for example, it is sufficient to set the spec-
ified value to 50 tracks and to switch the low speed seek
and the high speed seek. As mentioned above, the
number of tracks which is used to switch between the
low speed seek and the high speed seek is properly de-
termined by a movement amount of the beam by the
lens actuator and a density of the tracks on the medium.
A speed control unit 17 is provided for the DSP 15. A
control signal from the speed control unit 17 is given to
each of gain setting devices 82 and 88. A gain Gv for
the carriage actuator 64 and a gain Ga for the lens ac-
tuator 60 are set and, after that, they are supplied to the
VCM 64 as a carriage actuator and the lens actuator 60
through addition points 84 and 90, respectively. In the
low speed seeking mode by the low speed seek control
unit 10-1, the speed control unit 17 realizes the low
speed seek control in which the lens actuator 60 is main-
ly used. Specifically speaking, a current Ia according to
a speed deviation obtained as a deviation between the
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target speed and an actual measured speed by the
speed control unit 17 is supplied as it is to the lens ac-
tuator 60. On the other hand, for the VCM 64, by adjust-
ing a gain of the gain setting device 82, the current Ia
for an inertia compensation is supplied to the VCM 64
at the times of the acceleration and deceleration. The
motion of the carriage is allowed to trace the motion of
the lens actuator 60 by the VCM 64, thereby preventing
the occurrence of an optical axial deviation of the objec-
tive lens. As an acceleration current and a deceleration
current which are supplied to the lens actuator 60 upon
acceleration and deceleration, conventional accelera-
tion and deceleration currents of rectangular waves are
not used but by supplying an acceleration current or de-
celeration current whose current value is increased or
decreased step by step, thereby allowing a smooth ac-
celeration to be performed. On the other hand, in the
high speed seek by the high speed seek control unit
10-2, the speed control unit 17 supplies a current Iv ob-
tained in accordance with the speed deviation between
the target speed and the actual measured speed of the
light beam to the VCM 64 as it is, thereby allowing the
high speed seek of the carriage to be executed. At this
time, by adjusting the gain Ga of the gain setting device
88, the current Ia for an inertia compensation to make
the lens actuator 60 trace the acceleration or decelera-
tion of the carriage by the VCM 64 is supplied to the lens
actuator 60. With respect to the current at the time of
each of the acceleration and the deceleration of the
VCM 64, smooth acceleration and deceleration are ob-
viously executed by providing a current profile whose
current value is increased and decreased step by step.
Further, in the high speed seek control unit 10-2, when
the number of tracks to the target track reaches, for ex-
ample, 50 tracks during the high speed seek, the control
is shifted to the low speed seek control unit 10-1 and the
control mode is switched from the high speed seek to
the low speed seek. As a low speed seek in this case
as well, the same seek control as the ordinary low speed
seek in the case where the number of tracks to the target
track is less than 50 tracks by the seek command is ex-
ecuted.
[0027] A low speed lens lock control unit 15-1 and a
high speed lens lock control unit 15-2 are provided for
the DSP 15 in correspondence to the low speed seek
control unit 10-1 and high speed seek control unit 10-2
of the MPU 14. In the low speed seek control, the low
speed lens lock control unit 15-1 is activated, falsely
forms a lens position signal E3 from the tracking error
signal E1 which is derived during the low speed seek,
adds the lens position signal E3 to the addition point 84
for the VCM 64, and executes the lens lock control dur-
ing the low speed seek. In the high speed seek control,
the high speed lens lock control unit 15-2 is activated,
likewise forms a pseudo lens position signal E4 on the
basis of the tracking error signal E1 which is obtained
during the high speed seek, adds the lens position signal
E4 to the addition point 90 on the lens actuator 60 side,

and executes the lens lock control. In the low speed lens
lock control unit 15-1 and high speed lens lock control
unit 15-2, the correct lens position signals E3 and E4
are not obtained upon acceleration and deceleration in
each seek control. Therefore, the lens lock control is ex-
ecuted by using the correct lens position signals E3 and
E4 which are obtained from the tracking error signal E1
for the constant speed control period after completion
of the acceleration in the low speed seek control and
high speed seek control.
[0028] Fig. 9 is a block diagram of the first embodi-
ment on the DSP 15 side in Fig. 8. First, the speed con-
trol unit 17 of the DSP 15 is constructed by a counter
70, a timer 74, a speed calculating unit 72, a target
speed register 78, an addition point 76, and a servo
switch 80. The counter 70 counts the number of track
zero-cross pulses E2 which are obtained from the track
zero-cross point detecting circuit (TZC circuit) 55 pro-
vided for the controller 10 in Fig. 8, thereby obtaining
the number of the track on which the light beam is at
present located in a real-time manner. A count value of
the counter 70 indicative of the present track position is
given as a track number N to the MPU 14. When receiv-
ing the seek command from the upper apparatus, there-
fore, the MPU 14 can recognize the number of tracks to
the target track and the seeking direction (inner side or
outer side) from a difference between the number N0 of
the target track and the number N of the present track
obtained by the counter 70. The speed calculating unit
72 counts a counting period of the track zero-cross puls-
es by the counter 70 on the basis of a timer clock from
the timer 74 and calculates a speed V of the beam as a
reciprocal number of the count value. A target speed V0
read out from a target speed table is set into the target
speed register 78 in accordance with the number of
tracks to the target track by the low speed seek control
unit 10-1 or high speed seek control unit 10-2 which has
been activated at that time in the MPU 14. The addition
point 76 subtracts a measured speed V of the light beam
calculated by the speed calculating unit 72 from the tar-
get speed V0 set in the target speed register 78 and gen-
erates a speed deviation ∆v. The servo switch 80 pro-
vided subsequent to the addition point 76 is held in the
ON state during the seek control by a control signal E5
of the MPU 14. The gains Gv and Ga are set from the
MPU 14 side to the gain setting devices 82 and 88 pro-
vided in parallel subsequent to the servo switch 80. In
the gain setting, at the time of the low speed seek con-
trol, the gain Ga to supply the current Ia according to the
speed deviation ∆v to the lens actuator 60 is set into the
gain setting device 88. At the same time, the gain Gv to
supply the current Iv for an inertia compensation of the
VCM 64 is set into the gain setting device 82. On the
contrary, at the time of the high speed seek control, the
gain Gv to supply the current Iv corresponding to the
speed deviation ∆v to the VCM 64 is set into the gain
setting device 82. At the same time, the gain Ga to sup-
ply the current Ia for an inertia compensation to the lens
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actuator 60 is set into the gain setting device 88.
[0029] The low speed lens lock control unit 15-1 is
constructed by an A/D converter 102, a positive peak
detecting unit 104, a negative peak detecting unit 106,
an offset calculating unit 108, a phase compensating
unit 110, and a servo switch 112. The high speed lens
lock control unit 15-2 is constructed by an A/D converter
96, a low pass filter 94, a phase compensating unit 98,
and a servo switch 100. At the time of the low speed
seek control, the servo switch 100 is turned off by a con-
trol switch E6 from the MPU 14 and the servo switch 112
is turned on by a control signal E7 from the MPU 14.
The control of the low speed lens lock control unit 15-1
is validated. On the other hand, at the time of the high
speed seek control, the servo switch 100 is turned on
and the servo switch 112 is turned off. The control of the
high speed lens lock control unit 15-2 is validated. A de-
tection of the pseudo lens position signal based on the
tracking error signal E1 in the low speed lens lock control
unit 15-1 and high speed lens lock control unit 15-2 will
now be described.
[0030] Figs. 10A and 10B are signal waveform dia-
grams of the pseudo lens position signal E3 which is
detected as a tracking error signal E1 when the lens ac-
tuator 60 is slowly driven at a constant speed in the stop
state of the carriage. As for the tracking error signal E1
in Fig. 10A, when the objective lens 186 is moved to the
outer side shown at, for example, an arrow 314 at a con-
stant speed by supplying a current to the tracking coil
308 of the lens actuator 60 in Fig. 6, the lens optical axis
is deviated from the beam optical axis 305. By the move-
ment of the objective lens 186, the light beam transvers-
es the tracks of the medium locating on the upper side
at a slow constant speed. In this instance, when the ob-
jective lens 186 is moved while making the optical axis
of the objective lens 186 coincide with the beam optical
axis 305, the tracking error signal E1 causes an ampli-
tude change that is symmetrical with respect to the up-
per and lower positions around the zero level as a cent-
er. However, since the optical axis of the objective lens
186 is deviated from the beam optical axis 305 by the
driving of only the lens actuator 60, as shown in Fig.
10A, an offset according to the deviation amount of the
optical axis is caused. As for an offset according to the
deviation amount of the lens optical axis of the tracking
error signal E1, it is sufficient to detect it as a change
amount of a straight line connecting the peak on the plus
(+) side of the tracking error signal E1 or a straight line
connecting the peak on the minus (-) side. Thus, the off-
set amount according to the optical axial deviation of the
lens of the tracking error signal E1 can be detected as
a pseudo lens position signal E3 as shown in Fig. 10B.
In this case, with respect to the time of the first acceler-
ation when the lens actuator is activated and the time of
the last deceleration, since a frequency of the tracking
error signal E1 largely changes, the pseudo lens posi-
tion signal E3 becomes noises with respect to such a
portion and cannot be used. Therefore, it is desirable

not to use the pseudo lens position signal E3 at the time
of the acceleration just after the activation and the time
of the deceleration just before the end of the activation.
[0031] In the first embodiment of Fig. 9, as for the
process for detecting the pseudo lens position signal E3
from the tracking error signal E1 in Fig. 10A correspond-
ing to the case of the low speed seek, the positive peak
value and the negative peak value are detected every
cycle of the tracking error signal. An offset value is de-
tected as a value of the half of a difference between both
of the positive and negative peak values and is used as
a lens position signal E3.
[0032] Figs. 11A and 11B are signal waveform dia-
grams of the tracking error signal E1 and pseudo lens
position signal E4 when the lens actuator 60 is moved
at the same high speed as that in the high speed seek
by the VCM 64 in the stop state of the carriage. The fre-
quency of the tracking error signal E1 which is derived
by the movement of the lens actuator 60 corresponding
to the high speed seeking mode is set to a high frequen-
cy such as tens of kHz. On the other hand, the frequency
of the tracking error signal E1 corresponding to the low
speed seeking mode of Fig. 10A is set to a low frequency
of, for example, 10 kHz or less, for example, 8 kHz.
Therefore, with respect to both of the low speed seeking
mode and the high speed seeking mode, it is difficult to
detect the lens position signal by the same process. In
the first embodiment of Fig. 9, therefore, with regard to
the high speed seeking mode, by transmitting the track-
ing error signal E1 in Fig. 11A through the low pass filter
94 in Fig. 9 and by merely removing the high frequency
components, the pseudo lens position signal E4 having
the offset according to the optical axial deviation of the
objective lens of the tracking error signal E1 as shown
in Fig. 11B is detected and is fetched as digital data via
the A/D converter 96. A cut-off frequency of the low pass
filter 94 which is used for the high speed seek is set to,
for example, 8 kHz. Therefore, even when the low pass
filter 94 is used to detect the lens position signal in the
low speed seeking mode, the tracking error signal E1 in
the low speed seeking mode having a band of the cut-
off frequency in Fig. 10A or less passes as it is through
the low pass filter 94. The pseudo lens position signal
E3 as shown in Fig. 10B is not derived. In the first em-
bodiment of Fig. 9, therefore, by providing a detecting
function of the lens position signal corresponding to the
frequency in each of the high speed seeking mode and
the low speed seeking mode, even in any one of the low
speed seeking mode and the high speed seeking mode,
the stable lens position signal E3 or E4 can be obtained
with regard to the constant speed period of time exclud-
ing the acceleration and deceleration periods of time be-
fore and after it.
[0033] Referring again to Fig. 9, the pseudo lens po-
sition signal E3 obtained by the offset calculating unit
108 in the low speed seeking mode is subjected to an
advance phase compensation for increasing a high
band gain by the phase compensating unit 110. After
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that, the phase compensated signal E3 is added to an
inertia compensation current for the VCM 64 by the
adder 84 through the servo switch 112 in the ON state
in the low speed seeking mode. The carriage is moved
by the VCM 64 so as to trace the motion of the lens ac-
tuator 60 during the low speed seeking operation from
the adder 90, thereby applying a lens lock to maintain
the deviation of the lens optical axis for the beam optical
axis to zero. Similarly, with respect to the high speed
lens lock control unit 15-2 side as well, the pseudo lens
position signal E4 obtained by the low pass filter 94 is
fetched as digital data via the A/D converter 96. After
that, it is phase compensated by the phase compensat-
ing unit 98 and is supplied to the adder 90 through the
servo switch 100 in the ON state in the high speed seek-
ing mode. The adder 90 adds the phase compensated
signal to the inertia compensation current generated
from the gain setting device 88 in the high speed seeking
mode and drives the lens actuator 60, thereby perform-
ing a lens lock to set the deviation of the lens optical axis
for the beam optical axis to zero.
[0034] Fig. 12 is an explanatory diagram for a gain
setting operation for the gain setting device 82 to supply
the inertia compensation current to the VCM 64 at the
time of the low speed seek control. During the low speed
seek, the current Ia is supplied from the addition point
76 to the actuator 60 by the gain Ga that is set by the
gain setting device 88 (not shown) in accordance with
the speed deviation ∆v between the target speed V0 and
the measurement speed V. In this instance, an inertia
compensation coefficient α1 is set into the gain setting
device 82 of the VCM 64 to execute the lens lock control.
The inertia compensation coefficient α1 is defined by the
following equation.

where,

Kv:  proportional gain of the VCM 64
Ka:  proportional gain on the actuator 60 side
Mv: mass of carriage which is driven by the VCM 64
Ma:  mass of lens actuator 60

[0035] Therefore, the inertia compensation current Iv
which is supplied to the VCM 64 in this instance is de-
fined by the following equation.

[0036] Fig. 13 is an explanatory diagram of the gain
setting device 88 on the lens actuator side to supply the
inertia compensation current for the lens lock control in
the high speed seeking mode. At the time of the high
speed seek control, the speed deviation ∆v between the
target speed V0 and measurement speed V is obtained

α1 = (Kv/Ka)·{Ma/(Ma + Mv)} (1)

Iv = α1·Ia (2)

by the addition point 76. The current Iv corresponding
to the speed deviation is obtained by the gain set in the
current setting device 82 (not shown), thereby executing
the high speed seek control by the driving of the VCM
64. In this instance, with respect to the gain setting de-
vice 88 on the lens actuator 60 side which is driven for
the lens lock control, an inertia compensation coefficient
α2 is set. The inertia compensation coefficient α2 is de-
fined by the following equation.

[0037] Therefore, when the current Iv which is sup-
plied to the VCM 64 is determined by the speed devia-
tion ∆v, the inertia compensation current Ia which is sup-
plied to the lens actuator 60 is unconditionally decided
by the following equation.

[0038] The inertia compensation currents for the lens
lock control in the low speed seeking mode and the high
speed seeking mode in Figs. 12 and 13 as mentioned
above are fixedly determined on the assumption of the
ideal carriage actuator and lens actuator at the stage of
the design. Actually, there is a possibility such that an
optical axial deviation of the lens occurs due to factors
such as friction, vibration, and the like which cannot be
predicted. However, even during the low speed seek as
well as the high speed seek, if the pseudo lens position
signal can be correctly obtained, the optical axial devi-
ation of the objective lens by the driving of the VCM 64
based on the lens position signal can be certainly pre-
vented. Thus, by preventing the offset of the tracking
error signal during the seek, the track zero-cross point
can be accurately detected and a precision of the track
counting operation can be improved. Since the offset
due to the optical axial deviation is not included in the
tracking error signal at a point just before the target
track, the beam pull-in control for the target track, spe-
cifically speaking, the pull-in by the switching to the po-
sition servo in which the tracking error signal is set to
zero can be stably executed at a high speed.
[0039] A flowchart of Fig. 10 relates to the seek control
in the first embodiment of Fig. 9. First in step S1, when
a seek command is received from the upper apparatus,
the number N of seek tracks to the target track is calcu-
lated from the difference between the target track
number and the present track number. In step S2, the
number N of seek tracks is compared with a predeter-
mined specified value N1. When it exceeds the specified
value, the control mode is shifted to the high speed seek
control by the speed control of the VCM in step S3. In
the high speed seek control, the VCM 64 is speed con-
trolled on the basis of a speed deviation between the
target speed and the measured speed in step S3. At the

α2 = (Ka/Kv)·{Mv/(Ma + Mv)} (3)

Ia = α2·Iv (4)
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same time, in step S4, the inertia compensation control
for the lens actuator 60 and the lens lock control by the
low speed lens lock control unit 15-1 is executed. In step
S5, a check is made to see if the number N of seek tracks
during the high speed seek has reached a predeter-
mined value N2. When N reaches the predetermined
number N2 of tracks, the control mode is switched to the
low speed seek control by the speed control of the lens
actuator 60 in step S6. During the low speed seek con-
trol, in step S7, the inertia compensation control of the
VCM 64 and the lens lock control by the second lens
lock control unit 15-2 are simultaneously executed.
When the number N of seek tracks is equal to 0 and the
light beam reaches the target track in step S8 during the
low speed seek control, step S9 follows. The control
mode is switched to one servo based on the tracking
error signal and a beam pull-in control to the target track
is executed. After completion of the beam pull-in control,
in step S10, a check is made to see if a settlement such
that the tracking error signal lies within a specified range
around zero as a center has been finished. After com-
pletion of the settlement, a series of seek control is com-
pleted. As for processes after completion of the seek
control, when the seeking operation is finished, the ap-
paratus enters a read/write ready-on state and the data
is written or read out to/from the target track. When the
number N of seek tracks to the target track is less than
the specified value N1 in step S1, step S6 follows and
the low speed seek control is executed. The low speed
seek control is also the same as the low speed seek
control that is executed when N reaches the specified
value N2 during the high speed seek control.
[0040] Flowcharts of Figs. 15A and 15B relate to the
inertia compensation control for the VCM 64 and the
lens lock control by the low speed lens lock control unit
15-1 during the low speed seek which are executed in
step S7 in Fig. 14. In the flowcharts, the processes are
repeated every sampling clock to decide an operating
period of time of the DSP 15 in Fig. 9. First in step S1,
a tracking error signal A obtained by the present sample
is read. In step S2, a change amount C at one sampling
period is calculated by (C = B - A). In step S4, the track-
ing error signal A of the present sample is substituted to
a tracking error signal B of one sample before for the
next process. In step S5, a check is made to see whether
the absolute value of the change amount C calculated
in step S3 is equal to or less than a specified value or
not. When it is equal to or less than the specified value,
the processing routine is returned to step S1 and the
process at the next sampling timing is executed. The
absolute value of the change amount C is equal to or
less than the specified value when a beam speed is low
and such a case corresponds to the stage at the start of
the acceleration or the stop of the deceleration. Since
the frequency is relatively low, the tracking error signal
A of the present sample is eliminated. When the abso-
lute value of the change amount C exceeds the specified
value in step S5, step S6 follows and the change amount

C of one sample before is loaded and is set to a change
amount D. In step S7, a check is made to see if a polarity
of the change amount C of the present sample has been
changed from a polarity of the change amount D of one
sample before. Such a discrimination is substantially
equivalent to a discrimination about whether the track-
ing error signal has passed a peak point or not. In step
S7, when the polarity of the change amount C of the
present sample is changed from the polarity of the
change amount D of one sample before, since this
means that the tracking error signal has passed the
peak point, the processing routine advances to step S8.
A check is made to see if the tracking error signal B at
the present sample which was substituted as a tracking
error signal B of one sample before in step S4 is plus.
When it is plus, step S9 follows and a check is made to
see if the absolute value of the tracking error signal B is
larger than a specified value. If YES, in step S11, the
tracking error signal B is preserved as a peak value
(TES1 = E) on the + side. When the tracking error signal
B is minus in step S8, step S10 follows and a check is
made to see if the absolute value of the tracking error
signal B is larger than a specified value in a manner sim-
ilar to step S9. If YES, step S12 follows and the tracking
error signal B is preserved as a peak value (TES2 = F)
on the - side. In step S13, an offset (∆TES = G) is cal-
culated by the following equation.

In step S11 of the present sample, for example, if the
peak value (TES1 = E) on the plus side is derived, this
means that at a timing of one sample before, the peak
value (TES2 = F) on the minus side has already been
obtained in step S12. Therefore, the offset (∆TES = G)
can be calculated by the following equation.

The offset (∆TES = G) calculated in step S13 at that time
becomes the lens position signal E3. Therefore, the cur-
rent for the lens lock based on the calculated offset
(∆TES = G) is added to the inertia compensation current
in step S14. The resultant current is outputted to the
VCM 64 serving as a carriage actuator and the present
optical axial deviation is set to 0. Such processes in
steps S1 to S14 are repeated every sample of the DSP
15. When the number N of remaining tracks is equal to
0 and the light beam reaches the target track in step
S15, the processing routine is returned to the main rou-
tine in Fig. 14. The process in step S15 in Fig. 15B is
the same as that in step S8 in Fig. 14, so that the
processing routine in Figs. 15A and 15B is returned to
the pull-in control to the target track in the step S9 in Fig.
14.
[0041] Figs. 16A to 16F are time charts at the time of

G = (E + F)/2

G = (E + F)/2
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the low speed seek control in the first embodiment of
Fig. 9. In the low speed seek control, as shown in a beam
speed of Fig. 16A, after the acceleration control was ex-
ecuted by the activation at time t1, when the speed
reaches a constant target speed at time t2, the constant
speed control is executed. The deceleration control is
executed at time t3 that is a predetermined number of
tracks before the target track. The track pull-in control
is executed at time t4 when the light beam reaches the
target track. For such a change in beam speed in Fig.
16A, the tracking error signal changes as shown in Fig.
16B. A frequency of the tracking error signal E1 is con-
stant during the constant speed control for a period of
time from t2 to t3. For such a constant speed period of
time, the stable pseudo lens position signal E3 can be
obtained. Therefore, the lens locking mode in which the
lens lock control in Fig. 16F is turned on or off is turned
on after the elapse of a delay time Td from the seek ac-
tivation at time t1 to the constant speed control at time
t2, thereby executing the lens lock control for the VCM
by the pseudo lens position signal which is obtained on
the basis of the tracking error signal E1. The current Ia
which is supplied to the lens actuator 60 to obtain a pro-
file of the beam speed in Fig. 16A is as shown in Fig.
16C. For example, when considering an outer seek in
the acceleration period of time from t1 to t2, the current
Ia that is supplied to the lens actuator 60 has a smooth
current profile such that it increases step by step to the
plus side and, after that, when the speed approaches
the constant speed control, the current likewise de-
creases step by step. In a manner similar to the above
case, as for the deceleration current from time t3, by in-
creasing and decreasing step by step, a smooth decel-
eration is executed. The current Iv which is supplied to
the VCM 64 for the inertia compensation simultaneously
with the current Ia of the lens actuator 60 is as shown
in Fig. 16D. As shown in Fig. 12, the VCM current Iv is
a current obtained by multiplying the inertia compensa-
tion coefficient α1 that is given by the equation (1) to the
lens actuator current Ia. Thus, the carriage is also ac-
celerated and decelerated by the activation of the VCM
64 in response to the acceleration or deceleration of the
lens actuator 60 in the low speed seeking mode. There-
fore, even if a lens position signal is not derived upon
acceleration or deceleration, there is no relative shift be-
tween the lens actuator and the carriage, so that the oc-
currence of an optical axial deviation of the objective
lens is certainly prevented. With respect to the constant
speed period of time between t2 and t3, since the lens
lock control is executed because the pseudo lens posi-
tion signal is derived from the tracking error signal E1,
the lens lock to always maintain the optical axial devia-
tion of the objective lens to zero can be certainly exe-
cuted. In such a low speed seek control, a seeking mode
as shown in Fig. 16E is turned on by the start of the seek
at time tl and is turned off by the pull-in control due to
the arrival to the target track at time t4.
[0042] Figs. 17A to 17E are time charts for the high

speed seek control in the first embodiment of Fig. 9. In
the high speed seek control, the beam speed is accel-
erated by the driving of the VCM at time t1 as shown in
Fig. 17A. After the speed reached the specified high
constant speed at time t2, the deceleration control of the
VCM is executed at time t3 when the number of tracks
to the target track reaches the specified number of
tracks serving as a switching reference of the low speed
seek control. The control mode is switched to the low
speed seek control at time t4. Namely, as shown in a
control mode of Fig. 17E, the high speed seeking mode
is set for a time interval between t1 and t4 and the low
speed seeking mode is set after that. The low speed
seeking mode from time t4 is fundamentally the same
as the constant speed seek control in Figs. 16A to 16F
except that the control mode is immediately shifted to
the constant speed control without needing the acceler-
ation period of time. The deceleration of the low speed
seek control is executed at time t3 of a predetermined
number of tracks before the target track. When the light
beam reaches the target track at time t7, the pull-in con-
trol is executed. The settlement is finished at time t8.
[0043] For the beam speed in the high speed seeking
mode in Fig. 17A as mentioned above, the tracking error
signal E1 is as shown in Fig. 17B. Namely, although the
signal E1 has a high frequency of tens of kHz during the
high speed seek, when the control mode is switched to
the low speed seek control in the middle of the seek, the
frequency is changed to a low frequency of 10 kHz or
less. During the high speed seek for a time interval be-
tween t1 and t4, as shown in Fig. 17D, the speed control
is executed by supplying the current Iv to the VCM. With
respect to the VCM current Iv as well, for the accelera-
tion period of time between t1 and t2, by increasing the
VCM current step by step, the carriage is smoothly ac-
celerated. Similarly, for the deceleration period of time
between t3 and t4 as well, by increasing and decreasing
the current in the minus direction step by step, the car-
riage is smoothly decelerated. At the same time, the lens
actuator current Ia in Fig. 17C is a current obtained by
multiplying the inertia compensation coefficient α2 in the
equation (3) in Fig. 13 to the VCM current Iv. By also
supplying the inertia compensation current Ia to the lens
actuator 60 simultaneously with the acceleration of the
carriage by the VCM 64, the lens actuator is driven so
as to overcome the inertia force in association with the
activation of the carriage. The lens lock to hold the ob-
jective lens to the position where the optical axial devi-
ation is equal to 0 is executed. The same shall also sim-
ilarly apply to the deceleration of the VCM for a time in-
terval between t3 and t4. The inertia compensation cur-
rent Ia is supplied to the lens actuator 60 and the optical
axial deviation of the objective lens is held to 0 so that
the lens actuator 60 installed doesn't overrun due to the
inertia in response to the deceleration of the carriage.
During the constant speed control for a time interval be-
tween t2 and t3, since the frequency of the tracking error
signal E1 is almost constant to be, for example, tens of
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kHz, the stable lens position signal E4 is derived. The
lens lock by the position control of the lens actuator 60
is certainly executed so as to set the lens position signal
E4 to 0. The control in the low speed seeking mode after
time t4 is substantially the same as that in case of the
low speed seek control after time t2 shown in Figs. 16A
to 16F.
[0044] Fig. 18 shows the second embodiment of a
seek control unit of the invention. The second embodi-
ment is characterized in that low pass filters for detecting
the lens position signals in the low speed seeking mode
and the high speed seeking mode are commonly con-
structed and the cut-off frequency of the low pass filter
is switched in the low speed seeking mode and the high
speed seeking mode. In the embodiment, the low speed
lens lock control unit 15-1 and high speed lens lock con-
trol unit 15-2 in Fig. 10 are constructed as a common
low speed · high speed lens lock control unit 15-3. A low
pass filter 114 whose cut-off frequency can be switched
by a control signal E8 from the MPU 14 is provided for
the low speed · high speed lens lock control unit 15-3.
A filter characteristics switching unit 115 to switch the
cut-off frequency of the low pass filter 114 to either one
of a cut-off frequency fc1 on the low band side and a
cut-off frequency fc2 on the high band side is provided
for the low pass filter 114.
[0045] Fig. 19 shows a circuit construction of the low
pass filter 114 and filter characteristics switching unit
115 in Fig. 18. This circuit construction is realized as an
analog active filter. In the active filter which functions as
a low pass filter 114, a minus (-) input terminal 117 of an
operational amplifier 116 is connected through a resistor
R1. An output of the operational amplifier 116 is fed back
and connected to the input terminal 117 through a resis-
tor R2. A capacitor C1 is connected in parallel with the
feedback resistor R2. Further, a serial circuit of a capac-
itor C2 and an analog switch 118 is connected in parallel
with the feedback resistor R2. The capacitors C1 and
C2 provided for the feedback circuit determine the cut-
off frequency of the low pass filter.
[0046] Fig. 20 shows frequency characteristics of the
low pass filter in Fig. 19. When the analog switch 118 is
turned off as shown in the diagram, the LPF shows filter
characteristics 122. When the analog switch 118 is
turned on, the LPF shows a position of filter character-
istics 124. Namely, in the low speed seeking mode, the
analog switch 118 is turned on and the capacitors C1
and C2 are connected in parallel with the feedback cir-
cuit. Therefore, a capacitance in this instance is equal
to C1 + C2 and the cut-off frequency fc1 is located on
the low band side as shown in the filter characteristics
124. In the high speed seeking mode, the analog switch
118 is turned off as shown in the diagram and the ca-
pacitor C2 is disconnected, so that the cut-off frequency
is determined by only the capacitor C1. A capacitance
in this instance is smaller than the capacitance (C1 +
C2) in the low speed seeking mode. Therefore, the cut-
off frequency is set to fc2 on the high band side as shown

by the filter characteristics 122 in Fig. 20.
[0047] Referring again to Fig. 18, an output of the LPF
114 whose cut-off frequency can be switched is convert-
ed into digital data by the A/D converter 96. After that,
the high frequency components of the digital data are
subjected to an advance phase compensation by the
phase compensating unit 98. The phase compensated
digital data is subsequently supplied to the addition point
90 or 84 through the servo switch 100 or 112. In the low
speed seeking mode, the servo switch 112 is turned on
and the servo switch 110 is turned off. The filter charac-
teristics switching unit 115 switches the low pass filter
114 to the cut-off frequency fc1 on the low band side.
Thus, a pseudo lens position signal is detected from the
tracking error signal derived by the low speed seek and
is added to the addition point 84 on the VCM 64 side
through the servo switch 112, thereby performing the
lens lock to the speed control by the lens actuator 60 by
the driving of the VCM. In the high speed seeking mode,
on the contrary, the servo switch 100 is turned on and
the servo switch 112 is turned off. In this instance, the
filter characteristics switching unit 115 switches the LPF
114 to the cut-off frequency fc2 on the high band side.
The lens position signal is detected by the characteris-
tics of the LPF 114 adapted to the tracking error signal
of the high frequency obtained by the high speed seek.
The lens position signal is added to the lens actuator 60
side through the servo switch 100, thereby performing
the lens lock. For example, assuming that the frequency
of the tracking error signal is set to 10 kHz in a low speed
state and to 50 kHz in a high speed state, the cut-off
frequencies fc1 and fc2 in the low band and high band
of the LPF 114 are set to 2.0 kHz and 10 kHz which are
equal to 1/5 of those frequencies. They can be also set
to 1.0 kHz and 5 kHz which are equal to 1/10 of those
frequencies. It is sufficient to decide the optimum cut-off
frequencies at which the stable lens position signal is
obtained.
[0048] Fig. 21 shows the third embodiment of the in-
vention. The third embodiment is characterized in that
the lens lock control units in the high speed seeking
mode and the low speed seeking mode are commonly
constructed in a manner similar to the second embodi-
ment and, further, the low pass filters of the frequency
characteristics corresponding to the low speed seek and
high speed seek are combined, thereby enabling each
of the lens position signals to be detected from the track-
ing error signal. The low pass filter 94 for a high speed
seek is provided for the low speed · high speed lens lock
control unit 15-4. The LPF 94 for a high speed seek has
the cut-off frequency fc2 on the high band side as shown
in the filter characteristics 122 in Fig. 20. Subsequent to
the LPF 94 for a high speed seek, a low pass filter 126
for a low speed seek is serially connected. The LPF 126
for a low speed seek has the cut-off frequency fc1 on
the low band side as shown in the filter characteristics
124 in Fig. 20. An output of the LPF 126 for a low speed
seek is connected to the addition point 84 on the VCM
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64 side through an A/D converter 96-1, phase compen-
sating unit 110, and servo switch 112. On the other hand,
the output of the LPF 94 for a high speed seek is
branched and connected to the addition point 90 on the
lens actuator 60 side through an A/D converter 96-2,
phase compensating circuit 98, and servo switch 100.
The on-off operations of the servo switches 112 and 100
are controlled by the control signals E6 and E7 from the
MPU 14. Namely, in the low speed seek control, the ser-
vo switch 100 is turned off and the servo switch 112 is
turned on. Therefore, the output from the LPF 94 for a
high speed seek to the adder is disconnected. The lens
position signal stopped by the LPF 126 for a low speed
seek is supplied to the addition point 84, so that the lens
lock by the driving of the VCM 64 is executed during the
speed control of the lens actuator 60. In this case, al-
though the tracking error signal E1 passes through the
LPF 94 for a high speed seek, the cut-off frequency fc2
is located sufficiently on the high band side as shown in
Fig. 20, the tracking error signal E1 of 10 kHz or less
during the low speed seek is inputted to the LPF 126 for
a low speed seek without being deteriorated by the LPF
94. Since the high frequency components exceeding the
cut-off frequency fc2 are cut by the LPF 94, an S/N ratio
of the tracking error signal which enters the LPF 126 for
a low speed seek can be sufficiently improved. On the
other hand, in the high speed seeking mode, the servo
switch 100 is turned on and the servo switch 112 is
turned off. Therefore, the output of the LPF 126 for a low
speed seek is disconnected and the output of the LPF
94 for a high speed seek is added to the adder 90
through the servo switch 100. In this instance, the track-
ing error signal has a high frequency of tens of kHz due
to the high speed seek. The stable lens position signal
can be obtained by the removal of the high frequency
components by the LPF 94. The lens lock by the lens
actuator 60 can be stably certainly executed during the
speed control by the driving of the VCM 64.
[0049] In the above embodiment, although all of the
speed control and the continuous controls in the high
speed state and low speed state have been realized by
the digital arithmetic operating function of the DSP 15,
the invention is not limited to such a method but a part
of them or the whole control can be also realized by an
analog circuit or an exclusive-use LSI circuit.
[0050] According to the invention as mentioned
above, when the lens position signal is falsely detected
from the tracking error signal and the lens lock is per-
formed without providing the lens position sensor, even
if there is a large frequency difference between the
tracking error signals in the high speed seeking mode
and low speed seeking mode, the stable lens position
signal can be detected from the tracking error signal in
each of the high speed seeking mode and low speed
seeking mode.
[0051] Therefore, the offset of the tracking error signal
is prevented and the track counting operation can be
certainly executed on the basis of the detection of the

track zero-cross point during the seek. Since the offset
of the tracking error signal is prevented at a position just
before the beam pull-in to the target track, the light beam
can be accurately promptly pulled in to the target track
and the stable seeking operation can be guaranteed.
Thus, the accessing performance of the optical disk
drive can be improved.

Claims

1. An optical storage apparatus comprising:

an actuator to irradiate a light beam to a medi-
um in a direction which transverses tracks on
the medium;
a carriage actuator (64) for moving a carriage
on which said actuator is mounted in the direc-
tion which transverses the tracks on the medi-
um;
a tracking error signal forming circuit for form-
ing a tracking error signal (E1) according to a
position of said light beam in the direction which
transverses the tracks on the basis of a photo-
sensitive output of a return light from the medi-
um;
a low speed seek control unit (10-1) for moving
the light beam to a target position at a low speed
by a driving of said actuator;
a high speed seek control unit (10-2) for moving
the light beam to a target position at a high
speed by a driving of said carriage actuator
(64);
a low speed lock control unit (15-1) for detect-
ing an amount of an optical axial deviation of
said actuator from an offset of the tracking error
signal (E1) which is obtained in said low speed
seeking mode and driving said carriage actua-
tor (64) so as to set the optical axial deviation
of said actuator to zero; and
a high speed lock control unit (15-2) for detect-
ing an amount of an optical axial deviation of
said actuator from an offset of the tracking error
signal (E1) which is obtained in said high speed
seeking mode and driving said actuator so as
to set the optical axial deviation of said actuator
to zero,

characterized in that the actuator is a lens
actuator (60) for moving an objective lens (186) and
the driving of said actuator is carried out during the
high and low speed seek periods.

2. An apparatus according to claim 1, wherein said low
speed lens lock control unit has:

a peak value detecting unit for detecting a pos-
itive peak value and a negative peak value of
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each cycle of the tracking error signal; and
an offset calculating unit for calculating a value
of 1/2 of a difference between said positive and
negative peak values as an offset amount and
detecting a pseudo lens position detection sig-
nal.

3. An apparatus according to claim 1, wherein said
high speed lens lock control unit has a low pass filter
for removing high frequency components by a cut-
off frequency corresponding to a frequency of the
tracking error signal in the high speed seeking
mode and detecting an offset amount correspond-
ing to a change in envelope of said tracking error
signal as a lens position signal.

4. An apparatus according to claim 1, wherein said low
speed and high speed lens lock control units have:

a low pass filter for removing high frequency
components of the tracking error signal and de-
tecting an offset amount which traces a change
in envelope as a lens position signal; and
a filter characteristics switching unit for switch-
ing a cut-off frequency of said low pass filter to
a low band side in the low speed seeking mode
and to a high band side in the high speed seek-
ing mode.

5. An apparatus according to claim 1, wherein said low
speed and high speed lens lock control units have:

a low pass filter for a high speed for removing
high frequency components by a cut-off fre-
quency on a high band side corresponding to a
frequency of the tracking error signal in the high
speed seeking mode and generating as a lens
position signal; and
a low pass filter for a low speed, serially con-
nected to said low pass filter for a high speed,
for removing high frequency components by a
cut-off frequency on a low band side corre-
sponding to a frequency of the tracking error
signal in the low speed seeking mode and gen-
erating as a lens position signal.

6. An apparatus according to claim 1, wherein when
the number of tracks to a target track is less than a
predetermined value, the light beam is moved at a
low speed by said low speed seek control unit.

7. An apparatus according to claim 1, wherein when
the number of tracks to a target track exceeds a pre-
determined value, the light beam is moved at a high
speed by said high speed seek control unit, and
when the number of tracks to the target track reach-
es another predetermined value during said high
speed movement, a control mode is switched to a

low speed movement of the light beam by said low
speed seek control unit.

8. An apparatus according to claim 1, wherein said low
speed seek control unit controls a speed of said lens
actuator so as to trace a target speed which was set
in accordance with the number of tracks to a target
track and applies an acceleration or a deceleration
for an inertia compensation corresponding to the
acceleration or deceleration of said lens actuator to
said carriage actuator with respect to each of an ac-
celeration period of time and a deceleration period
of time of said speed control.

9. An apparatus according to claim 8, wherein said low
speed seek control unit supplies an inertia compen-
sation current Iv obtained by multiplying an inertia
compensation coefficient α1 to an acceleration or
deceleration current Ia of said lens actuator to said
carriage actuator.

10. An apparatus according to claim 9, wherein said in-
ertia compensation coefficient α1 is defined by the
following equation:

where,

Ka:  acceleration gain of said lens actuator
Kv:  acceleration gain of said carriage actuator
Ma:  mass of said lens actuator
Mv:  mass of said carriage actuator.

11. An apparatus according to claim 1, wherein said
high speed seek control unit controls a speed of
said carriage actuator so as to trace a target speed
which was set in accordance with the number of
tracks to a target track and applies an acceleration
or a deceleration for an inertia compensation corre-
sponding to the acceleration or deceleration of said
carriage actuator to said lens actuator with respect
to each of an acceleration period of time and a de-
celeration period of time of said speed control.

12. An apparatus according to claim 11, wherein said
high speed seek control unit supplies an inertia
compensation current Ia obtained by multiplying an
inertia compensation coefficient α2 to an accelera-
tion or deceleration current Iv of said carriage actu-
ator to said lens actuator.

13. An apparatus according to claim 12, wherein said
inertia compensation coefficient α2 is defined by the
following equation:

α1 = (Kv/Ka)·{Ma/(Ma + Mv)}
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where,

Ka:  acceleration gain of said lens actuator
Kv:  acceleration gain of said carriage actuator
Ma:  mass of said lens actuator
Mv:  mass of said carriage actuator.

14. An apparatus according to claim 1, wherein said low
speed seek control unit and said high speed seek
control unit smoothly change an acceleration cur-
rent and a deceleration current of the seek control,
thereby smoothly accelerating and decelerating
said lens actuator and said carriage actuator.

Patentansprüche

1. Optisches Speichergerät, enthaltend:

einen Aktuator, um einen Lichtstrahl auf ein Me-
dium in einer Richtung zu strahlen, die Spuren
auf dem Medium überquert;

einen Schlittenaktuator (64), um einen Schlit-
ten, auf welchem der Aktuator befestigt ist, in
der Richtung zu bewegen, die die Spuren auf
dem Medium überquert,

eine Spurfehlersignal-Erzeugungsschaltung
zum Bilden eines Spurfehlersignals (E1) ge-
mäß einer Position des Lichtstrahls in der Rich-
tung, die die Spuren überquert, auf der Basis
einer photosensitiven Ausgabe eines Rück-
kehrlichts von dem Medium;

eine Niedriggeschwindigkeitssuche-Steuerein-
heit (10-1) zum Bewegen des Lichtstrahls zu ei-
ner Zielposition mit einer niedrigen Geschwin-
digkeit mittels eines Antriebs des Aktuators;

eine Hochgeschwindigkeitssuche-Steuerein-
heit (10-2) zum Bewegen des Lichtstrahls zu ei-
ner Zielposition mit einer hohen Geschwindig-
keit mittels eines Antriebs des Schlittenaktua-
tors (64) ;

eine Niedriggeschwindigkeitsverriegelungs-
Steuereinheit (15-1) zum Detektieren einer
Größe einer Abweichung der optischen Achse
des Aktuators von einem Versatz des Spurfeh-
lersignals (E1), das in dem Niedriggeschwin-
digkeitssuchmodus erhalten wird, und zum Be-
treiben des Schlittenaktuators (64), so daß die
Abweichung der optischen Achse des Aktua-
tors auf Null gesetzt wird; und

α2 = (Ka/Kv)·{Mv/(Ma + Mv)}
eine Hochgeschwindigkeitsverriegelungs-
Steuereinheit (15-2) zum Detektieren einer
Größe einer Abweichung der optischen Achse
des Aktuators von einem Versatz des Spurfeh-
lersignals (E1), das in dem Hochgeschwindig-
keitssuchmodus erhalten wird, und zum Betrei-
ben des Aktuators, so daß die Abweichung der
optischen Achse des Aktuators auf Null gesetzt
wird,

dadurch gekennzeichnet, daß der Aktuator
ein Linsenaktuator (60) zum Bewegen einer Objek-
tivlinse (186) ist und das Betreiben des Aktuators
während der Hoch- und Niedrigge-schwindigkeits-
sucheperioden ausgeführt wird.

2. Gerät nach Anspruch 1, wobei die Niedrigge-
schwindigkeitslinsenverriegelungs-Steuereinheit
hat:

eine Spitzenwertdetektiereinheit zum Detektie-
ren eines positiven Spitzenwertes und eines
negativen Spitzenwertes jedes Zyklus des
Spurfehlersignals; und
eine Versatzberechnungseinheit zum Berech-
nen eines Wertes von u eines Unterschiedes
zwischen den positiven und negativen Spitzen-
werten als eine Versatzgröße und zum Detek-
tieren eines Pseudolinsenpositionsdetektions-
signals.

3. Gerät nach Anspruch 1, wobei die Hochgeschwin-
dig-keitslinsenverriegelungs-Steuereinheit ein Tief-
paßfilter zum Entfernen von Hochgeschwindig-
keitskomponenten durch eine Grenzfrequenz ent-
sprechend einer Frequenz des Spurfehlersignals in
dem Hochgeschwindigkeitssuchmodus und zum
Detektieren einer Versatzgröße entsprechend einer
Änderung in einer Einhüllenden des Spurfehlersi-
gnals als ein Linsenpositionssignal hat.

4. Gerät nach Anspruch 1, wobei die Niedrigge-
schwindigkeits- und Hochgeschwindigkeitslinsen-
verriegelungs-Steuereinheiten haben:

ein Tiefpaßfilter zum Entfernen von Hochge-
schwindigkeitskomponenten des Spurfehlersi-
gnals und zum Detektieren einer Versatzgröße,
die einer Änderung in einer Einhüllenden als
ein Linsenpositionssignal folgt; und

eine Filtercharakteristikschalteinheit zum
Schalten einer Grenzfrequenz des Tiefpaßfil-
ters zu einer Tiefbandseite in dem Niedrigge-
schwindigkeitssuchmodus und zu einer Hoch-
bandseite in dem Hochgeschwindigkeitssuch-
modus.
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5. Gerät nach Anspruch 1, wobei die Niedrigge-
schwindigkeits- und Hochgeschwindigkeitslinsen-
verriegelungsSteuereinheiten haben:

ein Tiefpaßfilter für eine hohe Geschwindigkeit
zum Entfernen von Hochgeschwindigkeits-
komponenten durch eine Grenzfrequenz auf ei-
ner Hochbandseite entsprechend einer Fre-
quenz des Spurfehlersignals in dem Hochge-
schwindigkeitssuchmodus und zum Erzeugen
als ein Linsenpositionssignal; und

ein Tiefpaßfilter für eine niedrige Geschwindig-
keit, das seriell mit dem Tiefpaßfilter für eine
hohe Geschwindigkeit verbunden ist, zum Ent-
fernen von Hochgeschwindigkeitskomponen-
ten durch eine Grenzfrequenz auf einer Tief-
bandseite entsprechend einer Frequenz des
Spurfehlersignals in dem Niedriggeschwindig-
keitssuchmodus und zum Erzeugen als ein Lin-
senpositionssignal.

6. Gerät nach Anspruch 1, wobei, wenn die Anzahl der
Spuren zu einer Zielspur niedriger ist als ein vorbe-
stimmter Wert ist, der Lichtstrahl mit einer niedrigen
Geschwindigkeit durch die Niedriggeschwindig-
keitssuche-Steuereinheit bewegt wird.

7. Gerät nach Anspruch 1, wobei, wenn die Anzahl der
Spuren zu einer Zielspur einen vorbestimmten Wert
übersteigt, der Lichtstrahl bei einer hohen Ge-
schwindigkeit durch die Hochgeschwindigkeitssu-
che-Steuereinheit bewegt wird, und wenn die An-
zahl der Spuren zu der Zielspur einen anderen vor-
bestimmten Wert während der Hochgeschwindig-
keitsbewegung erreicht, ein Steuermodus auf eine
Niedriggeschwindigkeitsbewegung des Licht-
strahls durch die Niedriggeschwindigkeitssuche-
Steuereinheit geschaltet wird.

8. Gerät nach Anspruch 1, wobei die Niedrigge-
schwindigkeitssuche-Steuereinheit eine Ge-
schwindigkeit des Linsenaktuators steuert, um ei-
ner Zielgeschwindigkeit zu folgen, die gemäß der
Anzahl der Spuren zu einer Zielspur eingestellt ist,
und eine Beschleunigung oder eine Verlangsa-
mung für einen Trägheitsausgleich entsprechend
der Beschleunigung oder Verlangsamung des Lin-
senaktuators auf den Schlittenaktuator in Bezug auf
jede einer Beschleunigungszeitperiode und einer
Verlangsamungszeitperiode der Geschwindigkeits-
steuerung anwendet.

9. Gerät nach Anspruch 8, wobei die Niedrigge-
schwin-digkeitssuche-Steuereinheit einen Träg-
heitsausgleichsstrom Iv, der durch Multiplizieren ei-
nes Trägheitsausgleichs-Koeffizienten α1 mit ei-
nem Beschleunigungs- oder Verlangsamungs-

strom Ia des Linsenaktuators erhalten wird, an den
Schlittenaktuator liefert.

10. Gerät nach Anspruch 9, wobei der Trägheitsaus-
gleichskoeffizient α1 durch folgende Gleichung de-
finiert ist:

wobei

Ka: Beschleunigungsverstärkung des Linsenak-
tuators

Kv: Beschleunigungsverstärkung des Schlitten-
aktuators

Ma:  Masse des Linsenaktuators
Mv:  Masse des Schlittenaktuators.

11. Gerät nach Anspruch 1, wobei die Hochgeschwin-
digkeitssuche-Steuereinheit eine Geschwindigkeit
des Schlittenaktuators steuert, um einer Zielge-
schwindigkeit zu folgen, die gemäß der Anzahl der
Spuren zu einer Zielspur eingestellt ist, und eine
Beschleunigung oder eine Verlangsamung für ei-
nen Trägheitsausgleich entsprechend der Be-
schleunigung oder Verlangsamung des Schlitten-
aktuators auf dem Linsenaktuator in Bezug auf jede
einer Beschleunigungszeitperiode und einer Ver-
langsamungszeitperiode der Geschwindigkeits-
steuerung anwendet.

12. Gerät nach Anspruch 11, wobei die Hochgeschwin-
digkeitssuche-Steuereinheit einen Trägheitsaus-
gleichsstrom Ia, der durch Multiplizieren eines Träg-
heitsausgleichs-Koeffizienten α2 mit einem Be-
schleunigungs- oder Verlangsamungs-strom Iv des
Schlittenaktuators erhalten wird, an den Linsenak-
tuator liefert.

13. Gerät nach Anspruch 12, wobei der Trägheitsaus-
gleichskoeffizient α2 durch folgende Gleichung de-
finiert ist:

wobei

Ka: Beschleunigungsverstärkung des Linsenak-
tuators

Kv: Beschleunigungsverstärkung des Schlitten-
aktuators

Ma:  Masse des Linsenaktuators
Mv:  Masse des Schlittenaktuators.

14. Gerät nach Anspruch 1, wobei die Niedrigge-
schwindigkeitssuche-Steuereinheit und die Hoch-

α1 = (Kv/Ka)·{Ma/(Ma + Mv)}

α2 = (Ka/Kv)·{Mv/(Ma + Mv)}
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geschwindigkeitssuche-Steuereinheit einen Be-
schleunigungsstrom und einen Verlangsamungs-
strom der Suchesteuerung sanft ändern, wodurch
der Linsenaktuator und der Schlittenaktuator sanft
beschleunigt und verlangsamt werden.

Revendications

1. Dispositif de mémorisation optique comprenant :

un actionneur destiné à faire rayonner un fais-
ceau de lumière sur un support dans une direc-
tion qui traverse les pistes sur le support,
un actionneur de chariot (64) destiné à dépla-
cer un chariot sur lequel ledit actionneur est
monté dans la direction qui traverse les pistes
sur le support,
un circuit d'élaboration de signal d'erreur de
suivi de piste destiné à élaborer un signal d'er-
reur de suivi de piste (E1) conformément à une
position dudit faisceau de lumière dans la di-
rection qui traverse les pistes sur la base d'une
sortie de photodétection d'un faisceau lumi-
neux de retour provenant du support,
une unité de commande de recherche à basse
vitesse (10-1) destinée à déplacer le faisceau
de lumière jusqu'à une position cible à une bas-
se vitesse grâce à une attaque dudit action-
neur,
une unité de commande de recherche à grande
vitesse (10-2) destinée à déplacer le faisceau
de lumière vers une position cible à grande vi-
tesse grâce à une attaque dudit actionneur de
chariot (64),
une unité de commande de verrouillage à bas-
se vitesse (15-1) destinée à détecter une valeur
de l'écart axial optique dudit actionneur par rap-
port à un décalage du signal d'erreur de suivi
de piste (E1) qui est obtenu dans ledit mode de
recherche à basse vitesse, et attaquer ledit ac-
tionneur de chariot (64) de façon à établir l'écart
axial optique dudit actionneur à zéro, et
une unité de commande de verrouillage à gran-
de vitesse (15-2) destinée à détecter une valeur
d'un écart axial optique dudit actionneur par
rapport à un décalage du signal d'erreur de sui-
vi de piste (E1) qui est obtenu dans ledit mode
de recherche à grande vitesse et une attaque
dudit actionneur de façon à établir l'écart axial
optique dudit actionneur à zéro,

caractérisé en ce que l'actionneur est un ac-
tionneur de lentille (60) destiné à déplacer une len-
tille d'objectif (186) et l'attaque dudit actionneur est
exécutée durant les périodes de recherche à haute
et basse vitesse.

2. Dispositif selon la revendication 1, dans lequel la-
dite unité de commande de verrouillage de lentille
à basse vitesse comporte

une unité de détection de valeur de crête des-
tinée à détecter une valeur de crête positive et
une valeur de crête négative de chaque période
du signal d'erreur de suivi de piste, et
une unité de calcul de décalage destinée à cal-
culer une valeur de 1/2 d'une différence entre
lesdites valeurs de crête positive et négative en
tant que valeurs de décalage et détecter un
pseudo signal de détection de position de len-
tille.

3. Dispositif selon la revendication 1, dans lequel la-
dite unité de commande de verrouillage de lentille
à grande vitesse comporte un filtre passe-bas des-
tiné à éliminer les composantes à haute fréquence
grâce à une fréquence de coupure correspondant
à une fréquence du signal d'erreur de suivi de piste
dans le mode de recherche à grande vitesse et à
détecter une valeur de décalage correspondant à
une variation de l'enveloppe dudit signal d'erreur de
suivi de piste en tant que signal de position de len-
tille.

4. Dispositif selon la revendication 1, dans lequel les-
dites unités de commande de verrouillage de lentille
à basse vitesse et à grande vitesse comportent :

un filtre passe-bas destiné à éliminer des com-
posantes à haute fréquence du signal d'erreur
de suivi de piste et à détecter une valeur de dé-
calage qui suit une variation de l'enveloppe en
tant que signal de position de lentille, et
une unité de commutation de caractéristiques
de filtre destinée à commuter une fréquence de
coupure dudit filtre passe-bas vers un côté de
bande basse dans le mode de recherche à bas-
se vitesse et vers un côté de bande haute dans
le mode de recherche à grande vitesse.

5. Dispositif selon la revendication 1, dans lequel les-
dites unités de commande de verrouillage de lentille
à basse vitesse et à grande vitesse comportent

un filtre passe-bas destiné à une grande vites-
se afin d'éliminer les composantes à haute fré-
quence grâce à une fréquence de coupure sur
un côté de bande haute correspondant à une
fréquence du signal d'erreur de suivi de piste
dans le mode de recherche à grande vitesse et
à générer un signal de position de lentille, et
un filtre passe-bas destiné à une basse vitesse,
relié en série audit filtre passe-bas pour une
grande vitesse, afin d'éliminer les composan-
tes à haute fréquence grâce à une fréquence
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de coupure sur un côté de bande basse corres-
pondant à une fréquence du signal d'erreur de
suivi de piste dans le mode de recherche à bas-
se vitesse et générer un signal de position de
lentille.

6. Dispositif selon la revendication 1, dans lequel, lors-
que le nombre des pistes jusqu'à une piste cible est
inférieur à une valeur prédéterminée, le faisceau de
lumière est déplacé à basse vitesse par ladite unité
de commande de recherche à basse vitesse.

7. Dispositif selon la revendication 1, dans lequel, lors-
que le nombre des pistes jusqu'à une piste cible dé-
passe une valeur prédéterminée, le faisceau de lu-
mière est déplacé à grande vitesse par ladite unité
de commande de recherche à grande vitesse, et
lorsque le nombre des pistes jusqu'à la piste cible
atteint une autre valeur prédéterminée durant ledit
déplacement à grande vitesse, un mode de com-
mande est basculé vers un déplacement à basse
vitesse du faisceau de lumière par ladite unité de
commande de recherche à basse vitesse.

8. Dispositif selon la revendication 1, dans lequel la-
dite unité de commande de recherche à basse vi-
tesse commande une vitesse dudit actionneur de
lentille de façon à suivre une vitesse cible qui a été
établie conformément au nombre des pistes jusqu'à
une piste cible et applique une accélération ou une
décélération en vue d'une compensation de l'inertie
correspondant à l'accélération ou à la décélération
dudit actionneur de lentille, audit actionneur de cha-
riot en fonction de chacun d'un intervalle de temps
d'accélération et d'un intervalle de temps de décé-
lération de ladite commande de vitesse.

9. Dispositif selon la revendication 8, dans lequel la-
dite unité de commande de recherche à basse vi-
tesse fournit un courant de compensation d'inertie
Iv obtenu en multipliant un coefficient de compen-
sation d'inertie α1 par un courant d'accélération ou
de décélération la dudit actionneur de lentille, audit
actionneur de chariot.

10. Dispositif selon la revendication 9, dans lequel ledit
coefficient de compensation d'inertie α1 est défini
par l'équation suivante :

où, Ka : gain d'accélération dudit actionneur de
lentille
Kv : gain d'accélération dudit actionneur de
chariot
Ma : masse dudit actionneur de lentille
Mv : masse dudit actionneur de chariot

α1 = (Kv/Ka) · {Ma/(Ma + Mv)}

11. Dispositif selon la revendication 1, dans lequel la-
dite unité de commande de recherche à grande vi-
tesse commande une vitesse dudit actionneur de
chariot de manière à suivre une vitesse cible qui a
été établie conformément au nombre des pistes jus-
qu'à une piste cible et applique une accélération ou
une décélération en vue d'une compensation de
l'inertie correspondant à l'accélération ou à la décé-
lération dudit actionneur de chariot, audit action-
neur de lentille en fonction de chacun d'un intervalle
de temps d'accélération et d'un intervalle de temps
de décélération de ladite commande de vitesse.

12. Dispositif selon la revendication 11, dans lequel la-
dite unité de commande de recherche à grande vi-
tesse applique un courant de compensation d'iner-
tie Ia obtenu en multipliant un coefficient de com-
pensation d'inertie α2 par un courant d'accélération
ou de décélération Iv dudit actionneur de chariot,
audit actionneur de lentille.

13. Dispositif selon la revendication 12, dans lequel le-
dit coefficient de compensation d'inertie α2 est dé-
fini par l'équation suivante :

où, Ka : gain d'accélération dudit actionneur de
lentille
Kv : gain d'accélération dudit actionneur de
chariot
Ma : masse dudit actionneur de lentille
Mv : masse dudit actionneur de chariot

14. Dispositif selon la revendication 1, dans lequel la-
dite unité de commande de recherche à basse vi-
tesse et ladite unité de commande de recherche à
grande vitesse font varier progressivement un cou-
rant d'accélération et un courant de décélération de
la commande de vitesse, en accélérant et en décé-
lérant ainsi de manière progressive ledit actionneur
de lentille et ledit actionneur de chariot.

α2 = (Ka/Kv) · {Mv/(Ma + Mv)}

37 38



EP 0 809 241 B1

21



EP 0 809 241 B1

22



EP 0 809 241 B1

23



EP 0 809 241 B1

24



EP 0 809 241 B1

25



EP 0 809 241 B1

26



EP 0 809 241 B1

27



EP 0 809 241 B1

28



EP 0 809 241 B1

29



EP 0 809 241 B1

30



EP 0 809 241 B1

31



EP 0 809 241 B1

32



EP 0 809 241 B1

33



EP 0 809 241 B1

34



EP 0 809 241 B1

35



EP 0 809 241 B1

36



EP 0 809 241 B1

37



EP 0 809 241 B1

38



EP 0 809 241 B1

39



EP 0 809 241 B1

40


	bibliography
	description
	claims
	drawings

